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Abstract
Management of white-tailed deer (Odocoileus virginianus) is a contentious topic across
the United States, and Vermont is no exception. Vermont is currently facing a declining number
of hunters and growing deer herd that is damaging the landscape. As a result, management plans
need to be created that incorporate the values of three stakeholder groups: foresters, wildlife
professionals, and hunters. These stakeholders view deer through different lenses and are directly
impacted by population levels on the landscape. The goal of this paper is to assess views on
white-tailed deer populations and their management in Vermont. The objectives included 1)
assessing perceptions of overall herd size and environmental impacts among stakeholder groups,
2) defining what drives hunter satisfaction, and 3) assessing support for six alternative
management actions that the state could implement. I collected data by sending an online
questionnaire survey to members of each stakeholder group. The total number of completed
surveys used in the analysis was 236, which included 27 foresters (56.5% response rate), 21
wildlife professionals (67.7% response rate), and 188 hunters. I found that stakeholder groups
differed in their perceptions of overall herd size and impact with foresters and wildlife personnel
generally feeling that fewer deer should be on the landscape (Objective 1). Profession was found
to have an influence on hunter satisfaction, but the strongest driver explaining hunter satisfaction
was motivation; in particular, harvesting a deer as a main goal to hunting (Objective 2). The most
supported deer management alternative was doe harvest using a permit allocation system, such as
the one currently used, and the least supported deer management strategy was higher antler point
restrictions (Objective 3). Years of hunting experience most influenced the level of support of
the six management actions. Those with more experience were generally less supportive of all
five strategies than those with less experience. These results show that factors such as
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experience, importance of harvest as a goal, and profession play a role in satisfaction and support
of different management actions and should be considered when developing new management
plans for deer in Vermont.

Introduction
As the human population grows, management of resources, including wildlife, becomes
progressively more important (Holling and Meffe 1996). White-tailed deer (Odocoileus
virginianus) in North America have long been affected by humans, and in many regions,
historical overharvesting led to the near extinction of the species (Frye 2006). As figures such as
Aldo Leopold and Theodore Roosevelt advocated for proper management of game species, such
as white-tailed deer, a shift towards sustainable population management occurred. This shift
enabled populations across North America to recover and even exceed previous numbers (Frye
2006). However, this led to populations in some regions exceeding carrying capacities and
causing ecological damage (Curtis et al. 2000). During early management, populations were
lower than historically found, now populations tend to be higher than historically found. This
creates a challenging situation for managers as they are tasked with the question of how to
manage a population with a diverse group of stakeholders that are affected in some way by the
decisions the manager makes.
The complexity of this issue, especially in the landscapes of the northeastern United
States, lies in the fact that there are three main stakeholders directly impacted by deer
management decisions: wildlife managers, foresters, and hunters. In Vermont, a common
forestry goal of deer management is to create a healthy ecosystem, with a diverse composition of
tree species such as maple (Acer spp.), oak (Quercus spp.), ash (Fraxinus spp.), American beech
4

(Fagus grandifolia), and hemlock (Tsuga canadensis), while wildlife managers wish to
maximize opportunities for hunters (VTFWD 2019). A challenge with this approach is that
hunters will always want more deer on the landscape and often do not care about the ecological
carrying capacity (Frye 2006). However, it is in the best interest for hunters to care as ecological
damage can occur to areas, particularly forests, eventually resulting in lower deer numbers and
less healthy individual deer (Waller & Alverson 1997). Once the ecosystem has been damaged,
carrying capacity is also lowered which results in dissatisfaction by hunters through lower
hunting opportunities. Foresters and managers also become dissatisfied as they have failed to
meet the goal of creating a healthy ecosystem. The dilemma managers face is creating
management plans that incorporate multiple competing objectives while balancing all
stakeholders’ views and values.

Literature review
Life history of deer
White-tailed deer populations across North America have been subject to large
fluctuations since the colonization of North America by Europeans. By 1900, pressures from
unregulated hunting and habitat destruction had deer populations across the United States at
numbers that caused concerns about possible extinction (Diefenbach et al. 1997, Heffelfinger
1964). Through management and regulations such as hunting seasons, bag limits, and habitat
improvement, deer populations have recovered (Sparrowe & Springer 1970).
White-tailed deer and mule deer (O. hemionus) across the United States give birth to their
young in spring, particularly during the months of May and June (Kjaer et al. 2008). Fawning is
the period when fawns (young) are born. Fawning occurs synchronously for a few weeks and is
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an evolutionary strategy that overwhelms predators, such as coyotes (Canis latrans), bobcats
(Lynx rufus), and mountain lions (Puma concolor), by having a higher amount of prey than the
predators can catch (Austin 2010). Deer fawns grow quickly and are able to outrun predators
within their first week of life which is why mass fawning in a short time period is so effective
(Grovenburg et al. 2012). Fawning occurs at this time because it allows the does, adult females,
time to recover from winter before fawning and nursing occurs. During winter does may lose as
much as 30 percent of their body weight (Austin 2010).
Spring and summer are vital for both fawns and adults to grow and put on fat stores to
survive the winter (Austin 2010). Male deer also grow antlers which help them gain breeding
rights during the fall, also known as the rut. To grow large, impressive antlers, lots of nutrients
are required (Ditchkoff et al. 2000). Antler growth starts in the months of May and June. During
the growing period, antlers are covered in a nutrient rich membrane, velvet, that supplies
nutrients via blood to the growing tissue. Once the antlers are fully developed in late summer, the
antlers harden into bone and the velvet is shed in late August or early September (Li and Suttie
2012).
Males can start breeding at 1.5 years old, and as they mature it has been believed that
they gain more breeding opportunities. Despite theories that the older, mature, dominate bucks,
3.5 years and older, do most of the breeding, it has been seen that a large amount (59%) of
breeding is done by subdominant bucks, ages 1.5 and 2.5 years old (Turner et al. 2016). After
breeding occurs, seasonal changes across North America force deer to migrate to areas that
provide adequate protection and food for winter. As a result, it has been observed that deer
across the United States have defined summering and wintering areas (Loft et al. 1984; Sparrowe
& Springer 1970). Home range size has also been observed to change based on the seasons (Loft
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et al. 1984; Sparrowe & Springer 1970). During the spring, deer will migrate to areas of higher
elevation, with distances varying by both species and herd (Loft et al. 1984). During the summer,
deer tend to limit movement and have small home ranges to limit the amount of energy expended
due to high temperatures. During winter, deer also try to minimize energy usage as food is very
limited and travel can be hard due to deep snowpack levels. During the fall, many states allow
hunting and it has been seen that the home ranges of deer will both expand and move due to
hunting pressure (Sparrowe & Springer 1970). After fall, deer will herd up and head for lower
elevations to find suitable wintering cover (Loft et al. 1984; Sparrowe & Springer 1970).
Once deer have herded up in late fall and winter, they will return to their wintering areas
until spring when family groups will begin dispersing out onto the landscape (Sparrowe &
Springer 1970). A family group is comprised of does and fawns that typically come from the
same lineage. There is little information about the size of family groups, but interactions of
family groups has been seen to be non-territorial and non-aggressive (Porter et al. 1991). Does
often stay with their mother and family group for many years or life, while bucks, adult male
deer, will leave the group after their first year and create their own territory (Porter et al. 1991).
Another study that looked at migration of deer in the northeastern United States also found that
yearling bucks tended to travel farther than any other group of deer, and it was suspected that this
was due to the dispersal of these bucks from their mother’s home ranges (Tierson et al. 1985).
Tierson et al. (1985) examined migration of white-tailed deer in the northeastern United
States due to seasonal changes. This study found that the migration from summer to winter
habitat occurred based on snowpack depth rather than an ambient temperature change (Tierson et
al. 1985). The movement from summer to winter range occurred quickly, typically less than 24
hours once initiated, and the distance covered was up to 16 km. Features such as brooks were
7

often used to enable migration movements (Tierson et al. 1985). It has also been seen that human
impacts, such as logging operations, can prevent deer from migrating or cause their migration
route to shift to avoid logging operations (Tierson et al. 1985). Deer were likely to migrate to the
same summer area for many years while the wintering location was typically in the same
wintering yard, but the location within the yard tended to be slightly different from year to year
(Tierson et al. 1985).
Deer habitat in North America
Habitat can be defined by species composition and structure but also on the basis of soil
characteristics, nutrients, and stability. Other factors such as aspect, slope, elevation, and history
of human use (e.g., roads, livestock grazing), all affect how the habitat can and will be used by
deer. Once these factors are fully considered, the relative suitability of an area for deer can also
be considered and evaluated based on the expected affects that management decisions will have.
An example of this is how logging an area may affect deer. Previous studies suggested that
logging may cause migration routes to be altered, yet on the flip side clear-cuts may provide
much needed forage during winter (Hanley et al. 1970; Tierson et al. 1985).
Habitat for deer can be classified into two broad categories, summer and winter. Many
studies have reported that deer in North America move between summering areas and wintering
areas with factors such as snow and temperature being drivers (Loft et al. 1984; Sparrowe &
Springer 1970; Tierson et al. 1985). Movements between these two habitats is part of an annual
cycle that deer across the United States are accustomed to for survival. It has been observed that
multiple species of deer, such as whitetail and mule deer, annually migrate from summer areas to
winter areas (Austin 2010; Loft et al. 1984; Tierson et al. 1985). While different species of deer
have certain habitat preferences in terms of species composition, one common tenant applies to
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all, cover. Cover is meant to act as protection from predators year-round, and during winter,
cover is meant to act as thermal protection from the elements such as wind and precipitation
(Leckenby 1982).
In general, areas with thicker understories are better at providing both cover and
protection from the elements and predators. There are exceptions and preferences by deer species
though. Open stands of timber, such as ponderosa pine (Pinus ponderosa), do not offer much in
terms of cover for deer species and typically are not commonly used. Similarly, very fresh clear
cuts are rarely used, but they do provide large amount of forage in months when snow is not
present as they re-grow (Hanley et al. 1970; Loft et al. 1984). Cover is a vital part of recruitment
in deer herds as it protects fawns from predators such as canids or felids. Agricultural land cover
has been observed to increase fawn survival leading to better recruitment (Gingery et al. 2018).
Species diversity in wintering and riparian areas is often utilized more by deer than
monoculture stands (Loft et al. 1984). However, excessive browse pressure from over abundant
deer frequently leads to lower species diversity (Dobson & Blossey 2015). During summer, it has
been observed that hardwood stands are preferred by deer rather than softwood stands. There is
also evidence that males use hardwood stands less than females. However, all habitat types
within the Tierson et al. (1985) study were used by both sexes. During fall, hardwood stands that
have beech, oak, and other hard mast producing species provide food through production of
mast, which is a vital component to deer gaining enough weight to survive the winter (Rogers et
al. 1990). This may be a major factor in habitat selection during summer.
Winter habitat for white-tailed deer is where they spend their winter to avoid deep snow
levels and high energetic costs. One main factor for winter habitat is species composition. For
white-tailed deer, coniferous species such as cedar (Thuja spp.) and hemlock (Tsuga spp.) are a
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preferred winter habitat species due to their thermal protection, source of browse during winter,
and ability to limit snow depths. This cover enables the deer to expend less energy, have more
food, and ultimately produce more young in the future (Leckenby 1982; Rodgers et al. 1990).
Other major sources of browse during winter include dogwood (Cornus spp.) and lowbush
blueberry (Vaccinium angustifolium), but any source of food available is often consumed due to
the scarcity of food in winter (Rogers et al. 1990).
Habitat preferences may also be affected by the abundance and distribution of predators.
This is the case with wolves (C. lupus), as they use their habitat to help them when hunting
(Bojarska et al. 2017). Knowing this, habitat can both help and hurt any species in ways such as
food, cover, or pinch points helping predators while hunting (Bojarska et al. 2017). It has also
been found that these factors and the presence of predators can lead to altered landscape and
temporal uses to avoid risk of encounters with predators (Higdon et al. 2019; Grovenburg et al.
2012).
Deer management in North America
Deer herds across the United States had been depleted to the point of near extinction by
the early 1900s, which led to formal management of deer populations in many parts of the
country (Sparrow & Springer 1970). Actions such as removing competing livestock, removing
predators, creating hunting seasons, bag limits and laws surrounding hunting all combined to
allow the deer populations to recover (Leopold 1948). However, populations will continue to
grow over time until factors such as disease, predation, starvation, and lower survival rates of
fawns combine to be higher than the annual number of animals being added to the herd. In
simple terms, more animals are dying than surviving, resulting in a negative growth rate and
decreasing population, this is typically associated with exceeding carrying capacity. When
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carrying capacity is exceeded, the previously mentioned factors will come into play to lower the
population below the carrying capacity (McShea 2012). Factors such as fragmentation through
logging or development may also trigger this (Tierson et al. 1985).
The previously mentioned cycle is a natural occurrence. It is expected to happen and has
been seen before. However, the role of management is to minimize these population fluctuations
to allow for a more sustainable harvest of the desired species, and to minimize starvation of
predators such as coyotes due to crashing deer numbers. There are many ways in which this can
be accomplished. The most popular approach is to manage for a determined level (like a
biological or cultural carrying capacity), but in some cases, removing all individuals or simply
doing nothing and allowing populations to self-regulate is warranted. Hunting is an effective
management approach, especially in the absence or near absence of predators, that can help
achieve common goals and objectives for a population and is the primary means of deer
management in North America (Brodie et al. 2013). It has also been suggested that allowing
populations to regulate themselves or having weak harvest regulations will lead to instability in
populations. This instability can lead to unsustainable outcomes (Fryxell et al. 2010).
In the do-nothing approach, managers simply let the population change without any
intervention. In most cases this is not an effective approach, as deer numbers grow rapidly and
quickly become too high, which leads to conflicts with people (N.P.S. 2006). This typically leads
to reactionary management decisions to mitigate these conflicts. Managing to a predetermined
level is generally preferred by wildlife authorities, but requires comprehensive knowledge of
both what the public wants, what an ecosystem can handle in terms of herd size, and how to get
the herd to that size. This often means culling, trapping, hunting, or removing deer in some way
(N.P.S. 2006, 2008, 2011; U.S.F.S. 1995), which can present logistical challenges in many
11

circumstances. For example, if a herd of deer needs 200 animals removed, but it occurs in a park
where hunting is prohibited, what options are available? Removal methods include fences or
repellants to keep the deer out, relocating individuals, and in some cases the use of
contraceptives to lower the population over time. All of these take many resources to pull off and
are often very expensive, some projects exceeding 500 million dollars for a period of 15 years
(N.P.S. 2006, 2008, 2011; U.S.F.S. 1995). To add to these issues, problems surrounding public
safety can arise when trapping and shooting occurs, or when repellants are used. Public concern
surrounding harvesting the deer is another common challenge to herd management (N.P.S. 2006,
2008, 2011; U.S.F.S. 1995).
Biological and social data typically form the basis of deer management approaches and
plans. Public surveys combined with data from roadkill, radio-telemetry studies, spotlight
surveys, infrared surveys, and distance sampling can all be combined to allow biologists to
determine both how many deer are in an area, and also how many deer can be supported there
(N.P.S. 2011). Some of the major factors that are looked at besides deer numbers and density are
the amount of herbivory damage caused by deer, the amount of car crashes occurring due to deer,
and loss of property such as orchards due to over browsing (U.S.F.S. 1995). Deer are known to
thrive in urban areas because of their dependency on edge cover for browse; urban areas present
uniquely complex environments for management.
In rural areas, management becomes slightly less challenging as human density is
generally lower and acceptability of hunting is higher. As a result, hunting seasons and
particularly doe harvests have been seen to be effective at population management. By
harvesting does, the carrying capacity is effectively raised allowing higher sustainable yields in
terms of harvest (VTFWD 2010). The theory behind this approach is that a certain number of
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deer will die every year during winter due to starvation, so instead of letting the deer starve,
harvest through hunting minimizes the amount of over browsing and degradation to habitat.
Management through hunting often has draw backs such as implementing antler point
restrictions which limit harvest to deer with a certain number of points. Support of management
actions from hunters is key to success of management, and actions such as higher antler point
restrictions can have strongly differing opinions.
The field of wildlife management is sometimes considered to be more related to people
management than actual wildlife management. The idea here is that management of wildlife is
less about creating stable and healthy populations, but rather about managing people to create
sustainable wildlife populations. To manage wildlife, or more accurately people, all stakeholders,
or people with an interest in or are directly or indirectly affected by management should be
represented, especially their values. Failing to account for all stakeholders can not only lead to
ineffective management but also unintended impacts on people and populations (Frye 2006).
Deer management in Vermont
Vermont has a large deer population estimated at 140,000, and it continues to increase
due to several reasons including an abundance of food and high-quality habitat, low predator
densities (and absence of larger predators like wolves and cougars), declining hunter numbers,
and changing values among the public (VTFWD 2019). While the hunters that remain generally
want more deer on the landscape, there are noticeable effects of higher densities, particularly on
the western side of the state, on regeneration of forests. Deer management in the state is largely
based on input from hunters, as well as wildlife professionals, including agency biologists that
typically evaluate landscapes through the lens of populations, and foresters that have intimate
knowledge about the state of forest ecosystems. These stakeholders have a wide variety of

13

experience, background, and training, resulting in differing levels of understanding and opinions
on how ecosystems work. To add to this, these stakeholders have different values in terms of
what they want from the landscape (i.e., the goals and objectives of management). As deer
hunting generates an estimated $292 million per year to the Vermont economy (Roman &
Erickson 2015), understanding the values, opinions, and satisfaction with the status of deer and
various management alternatives could lead to new insights for future management in the states.

Objectives and Goals
The goal of my research is to better understand the values and opinions on deer
management among the three main stakeholder groups: foresters, wildlife professionals, and
hunters. The reason for this project is to answer the question, how can white-tailed deer be
managed in Vermont in a way that maximizes hunter satisfaction while still maintaining a forest
ecosystem that is healthy and productive? My objectives address the following questions: 1) Are
there differences between the three stakeholder groups with respect to the current status of the
deer population and perceptions of the impacts of deer in the state?; 2) What drives hunter
satisfaction in the state?; and 3) What is the relative level of support for five proposed alternative
management actions for deer and what drives the support of each?

Methods
Data collection
I used a questionnaire survey distributed to members of each stakeholder group. The
survey was online and sent to 1) all foresters listed in the consulting forester directory and those
serving as county foresters for the Vermont Department of Forests, Parks, and Recreation; 2) all
14

members of the wildlife division of the Vermont Fish and Wildlife Department, and 3) hunters. I
distributed the survey to hunters through the Facebook site of the Backcountry Hunters and
Anglers organization in Vermont. The survey was then subsequently shared over multiple other
Facebook sites. The hunter survey was closed two weeks after it was shared on Facebook and no
responses had been received for more than 4 days before the closure. The survey was sent to
foresters and wildlife professionals by email, and if no response was received after one week a
follow up email was sent. To attain a list of foresters, I used the consulting foresters directory
and county foresters webpage on the Vermont Department of Forests, Parks, and Recreation
website. Wildlife professionals were based off the Department of Vermont Fish and Wildlife’s
wildlife division page, all wildlife division employees were selected.
The survey had four parts: 1) background and baseline information about the status of
deer and their impacts on the environment, 2) goals and motivations for hunters, 3) hunter
support for proposed alternative deer management actions, and finally 4) socioeconomic
information of respondents. The first part asked questions about profession, overall assessment
of current deer population size, and the impact of the deer herd on forest regeneration,
agricultural products, vehicular collisions, and the extent of impact. The second part included
questions about overall hunting satisfaction, years hunted, and opinions on several common
hunting goals. The third part included questions about doe harvest, antler point restrictions, and
buck harvest management strategies. Doe harvest had three possible management actions while
antler point restrictions and buck harvest combined for three. For doe harvest the three actions
were a two-day rifle doe season at the beginning of the rifle season where hunters could use their
buck tag as an either sex tag, a permit allocation system such as the current muzzleloader permit
system, and a quota system set up by management unit which would allow for a certain number
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of does to be harvested before the season was closed. The antler point restriction actions were
higher antler point restrictions, antler point restrictions set up by management unit, and a quota
system for buck harvest set up by management unit. The final part included questions about
gender, age, education level, and income. Most questions used a Likert scale (ordinal data) for
responses (see survey questions in Appendix I).
Analysis and modeling
I organized the data in a spreadsheet and calculated descriptive statistics for each
question. For objective 1, I used chi-squared tests to evaluate whether there were significant
(p<0.05) differences in proportions of responses for each question between the three stakeholder
groups: foresters, wildlife professionals, and hunters. For objective 2 and 3, I modeled the
probability of each response category (e.g., not satisfied, satisfied, and highly satisfied) for each
question as a function of covariates, including years of hunting experience, region hunted,
overall satisfaction, profession, importance of harvest as a goal, and importance of being in the
woods as a goal, using ordinal logistic regression (Venables & Ripley, 2002). Answer choices
for questions were broken into five categories for support/oppose (strongly support to strongly
oppose) and agree/disagree (strongly agree to strongly disagree) (Appendix I). For all covariates
except satisfaction the top two and bottom two levels of support or opposition were pooled as the
analysis of the overall trend, such as support, oppose, or neutral was the goal, rather than
analyzing the level of support or opposition. I inspected covariate data for correlations and
removed one of any pair of variables that were significantly correlated. I developed a model set
for each question that included 6 single covariate models and used model selection techniques to
evaluate the relative support of each model (Burnham & Anderson 2002). Models were ranked
using Akaike’s Information Criterion (AIC), and I considered the model with the lowest AIC
value to be the best in the set. I used the models to predict probabilities of each response (per
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question) across a range of potential covariate values. All analyses were conducted in R (R Core
Team 2021), and I used the MASS package (polr function) for ordinal logistic regression
(Venables & Ripley 2002).

Results
There were a total of 476 respondents, of which 145 were removed due to no answers.
Responses that were not at least 50 percent complete were also removed. Respondents that
answered ‘yes’ to being a deer hunter, but did not complete at least 50 percent of the goals,
objectives, and motivations section or the management action section were removed from the
analysis. The total number of responses analyzed was then 236, including 8 county foresters, 19
consulting foresters, and 21 wildlife personnel. For objectives 2 and 3, 220 responses were
analyzed as not all foresters and wildlife professionals identified as deer hunters. Of these
responses, 7 had their answer to ‘do you hunt’ changed due to answering subsequent questions
about hunting and for inputting a number of years of experience hunting deer.
County forester had a response rate of 61.5%, while consulting and wildlife division
personnel responded at 57.6% and 67.7%, respectively. Despite the relatively high response rate
of each of these groups, the sample size was relatively small due to the total number of foresters
and wildlife division personnel in the state. Due to the small sample size of the forestry group,
the two forester types (consulting and county) were pooled. The combination gave the forester
group slightly more total participants, but the number of respondents answering ‘yes’ to hunting
deer in Vermont for both the wildlife division and forestry groups were similar with 17 and 18
for each respective group. Hunter response was more difficult to estimate due to the main source
of responses coming from the sharing of the survey on Facebook by the Backcountry Hunters
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and Anglers group within the state. It is estimated that upwards of 10,000 possible respondents
could have viewed this post as it was shared across multiple Facebook hunting and fishing pages.
Among covariates, years of hunting experience and birth year were correlated, with a
correlation (r) value of 0.80. As a result, I removed birth year from the analysis. Income was
also removed from analysis due to inconsistencies in responses that suggested reported values
were not accurate (which may reflect an unwillingness to report a personal financial detail).
Descriptive statistics of each covariate are presented in Table 1.
Objective 1: Are there differences between the three stakeholder groups with respect to the
current status of the deer population and perceptions of the impacts of deer in the state?
Initial analysis through graphical representation of the data was done for the five baseline
questions. The graphs showed clear differences between stakeholder type and views on all five
of the baseline questions (Figures 1 – 5). Graphs revealed that foresters and hunters were often
on opposite ends of the response scale, while wildlife professionals often split the two groups for
each question. Chi-squared tests indicated that each stakeholder group was significantly different
from each other in proportions of responses for most of the questions within the survey (Table 2,
impact section).
Objective 2: What drives hunter satisfaction in the state?
The top model describing overall hunter satisfaction included the covariate of importance
of harvest as a goal for a hunter (Table 3). The second ranking model had empirical support but
carried far less weight (Table 3). Hunter satisfaction by profession (forester, wildlife
professional, or hunter), was found to be statistically different (p<0.001). Region and years of
hunting experience was not found to be different between professions with p = 0.98 and 0.273,
respectively. Model parameter estimates indicated that satisfaction increased as agreement with
harvest as a main goal increased, the largest changes were in the poor and good categories (Table
18

4, Figure 7). Model parameter estimates indicate the level of satisfaction for each level of
agreement with harvest as a goal.
Objective 3: What is the relative level of support for five proposed alternative management
actions for deer and what drives the support of each?
Graphical representation of baseline opinions on doe harvest and antler point restrictions
showed surprising agreement between the three stakeholder groups (Appendix II and Appendix
III). The chi-square p-value of 0.334 for antler point restrictions indicated that each group was
similar in their proportions of responses. However, the proportion of respondents that thought
doe harvest would increase herd health and weight over time was statistically different (p =
0.018) based on profession (Table 2).
Perspectives about the six management actions assessed through the survey were driven
by years of hunting experience. The first management action was allowing hunters to harvest a
doe during the first two days of the rifle season using their buck tag. The top model for this
action was experience with 0.9653 AIC weight. The second management action, controlling doe
harvest through a permit allocation system such as the current method had an AIC weight for
experience of 0.9895. Management action three, using a quota system for doe harvest set up by
WMU had an AIC weight of 0.9877. The fourth management action, ‘would you like to see
higher antler point restrictions’ had an AIC weight of 0.6494. Model four was the only model
with multiple models with <2 ΔAIC. The second ranking model was importance of harvest as a
goal with an AIC weight of 0.3153. Management action 5, antler point restrictions set up by
WMU, had an AIC weight of 0.8271. The final management action assessed was management
unit quotas for bucks in Vermont and the AIC weight was 0.9571. All AIC tables are in Table 5,
and the beta tables for top models are in Table 6. Parameter estimates are for level of support for
each management action, with 1 indicating disagreement and 3 indicating agreement. Predictive
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graphs from top models are presented in Figure 8. It is important to note that some beta values
were not significantly different than zero.
Management action one and four had small slopes (i.e., effect sizes) and as such the
graphs do not show large changes across a range of values (Figure 8). Management action one,
three, and six all had agreement prediction lines that crossed each other (Figure 8). In
management action one and three, agreement and neutral crossed, and in management action six
agree and disagree crossed (Figure 8). All management actions showed that as experience grew
agreement dropped and disagreement grew (Figure 8, see Table 6 for slope values). Neutrality
grew with experience for all management actions except for management action number four
(Figure 8).

Discussion
The first finding of this study is that the different stakeholder groups do have clearly
different views on the size of the deer population and effects deer have on the forested landscape
of the state. The second is that hunter satisfaction is driven by the hunting motivation of simply
harvesting a deer and that among hunters, years of hunting experience, over several other factors,
most influences views on alternative management strategies.
Objective 1: Are there differences between the three stakeholder groups with respect to the
current status of the deer population and perceptions of the impacts of deer in the state?
Analysis showed that foresters, wildlife professionals, and hunters had different views on
total herd size and the effects on the landscape. I expected to find this and believe that this could
be a major factor to consider as a wildlife manager. Foresters had the highest proportion of
respondents that believed there were too many deer in Vermont with nearly 60% responding with

20

“There are too many deer”. Hunters had nearly the same amount, with 55% of respondents
selecting that there “Should be more deer”. Wildlife personnel were clumped around “There are
too many deer” and “The deer population is just about right” with over 90% of respondents
selecting these two choices. The differences between these groups indicates the challenge for
management. Wildlife managers are in the middle of these two groups, with impacts to the
environment at stake through over-browsing (Waller & Alverson 1997). The differences seen
between these groups is likely due to the respondent’s profession. Foresters more readily see and
understand the effects of over browsing, while wildlife personnel are focused on pleasing the
public, in this case hunters, which generally want to have more deer to hunt (Frye 2006). It is
also likely that wildlife managers are in-between foresters and hunters due to their beliefs
reflecting if they are properly doing their job. What this means is that if there are too many or too
few deer than it is questioned if they are taking the correct management actions.
Objective 2: What drives hunter satisfaction in the state?
Hunter satisfaction initially appeared to be related to profession, but model selection
results indicated that the desire to harvest a deer (over other factors including profession) best
described the degree of hunting satisfaction. In this study harvest referred to level of agreement
(strongly agree to strongly disagree) to the statement of “Harvesting a deer is the goal”. Harvest
success has been found to be a key element to satisfaction along with implement used (gun vs.
bow), and enjoyment of nature as a motivation (Black et al. 2018). The level of importance
varies by person however, and it is likely the importance of this and harvest success are likely to
affect the respondent’s satisfaction. Years hunting experience had strong empirical support, and
as such could affect satisfaction as hunters’ values change over time. Hunters that view harvest
as the goal most likely enjoy being in the woods (an alternative motivation), but their ultimate
goal is to harvest a deer.
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Objective 3: What is the relative level of support for five proposed alternative management
actions for deer and what drives the support of each?
Experience appeared to be a strong predictor of management action support with more
experienced hunters generally disliking all new proposed management actions. The pattern may
be explained by several reasons. First, the deer population may have declined over past decades,
and these declines have been directly observed by more experienced hunters. Published
population numbers by the Vermont Fish and Wildlife Department indicate that numbers have in
fact decreased in several parts of the state (VTFWD 2019). Forest regeneration in the 1970s and
1980s provided ample food for deer and allowed the population to flourish. Subsequently, forests
became more mature due to lower levels of heavy cutting resulting in less available food, a lower
carrying capacity, and lower overall population. New alternative strategies for management then
may be perceived as means of restricting growth, which experienced hunters may feel is
unnecessary. Second, other studies in Vermont have shown that older adults are less accepting of
landscape change relative to younger people (Espenshade et al. 2018). Following this logic, more
experienced hunters are likely to be older and less accepting of changes to deer management that
could very well result in other changes in the landscape.
Management implications
Management is now facing an increasing deer population (VTFWD 2019). Hunters view
the increasing deer numbers positively (i.e., due to providing more hunting opportunities), while
wildlife and forestry professionals are concerned about broader ecosystem-level impacts high
deer densities exert. Higher densities can also lead to declines in the health of individual deer
(Frye 2006; Royo & Stout 2019). The challenge is how to decrease the deer herd to an acceptable
level that balances the opportunities for hunters with objectives around the state and health of
forested ecosystems. Does can be harvested in the state, but results indicate relatively low
support for doe harvest actions. The main reason for this push back historically is that hunters
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did not support the idea that doe harvest increased herd health and weights but also caused lower
deer herd size. My results did not reflect this as > 45% of each group supported the statement
“Doe harvest increases weights and population health”. Despite this, support of all three doe
harvest management strategies had mixed support: the permit allocation system, such as
currently used, had the most overall support followed by the quota system, and finally the twoday rifle season where hunters could use their rifle tag as a sex tag. Antler point restrictions
showed mixed results, but each respondent group had the highest proportion agreeing with it as a
management strategy. Higher antlers point restrictions were met with strong opposition from all
groups. Setting up antler point restrictions by management unit was supported by most
respondents as was the most supported buck management option. Setting up a quota system for
bucks had mixed opinions with foresters and wildlife personnel showing support of the idea and
hunters being opposed.
Limitations
Models for this analysis only included single covariates. Models had large standard errors
indicating that confidence in covariates and effects of the covariates was limited. Possible causes
of this are models only including one covariate and can be studied by creating additive and
interaction models to improve confidence in the effects of covariates. Sample size for this
analysis was small for hunters compared to the total hunting population, a larger sample size may
also increase confidence in model selection. Responses from hunters may have been skewed due
to respondents with strong views responding at different rates than those with more neutral
views, and no immediate personal gain (i.e., monetary incentive) for respondents who completed
the survey.
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Future work
A comprehensive understanding of the views, opinions, and values of stakeholder groups
is crucial to efficient and effective management. Future work should be focused on assessing the
effects of harvest success on satisfaction, both by itself and when combined with harvest as a
goal. Further examining the relative importance of harvest, being in the woods, and other goals
should also be considered. An expanded set of management actions, with both support or
opposition and ranking of each action compared to the others could give further insight into how
hunters wish to see management done. Further analysis of the current data using multi covariate
models could also reveal more nuanced relationships that better explain satisfaction and support
for management actions. My research was focused on three stakeholder groups, wildlife
professionals, foresters, and hunters, yet groups such as plant ecologists, parks and recreation,
and other natural resource related fields may have concerns that should be evaluated.
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Tables and Figures
Table 1. Descriptive statistics for income, age, and gender of each group surveyed in 2020 for their views on white-tailed deer
(Odocoileus virginianus) management in Vermont.
Group

Income N

Mean

St. Dev.

(USD)

Age N Mean

St. Dev.

Gender N Prop. Male

Prop. Female

(Year)

Hunter

141

74,348

63028.00

160 1974.49

15.84

161

0.93

0.07

Wildlife

19

63,053

21570.23

19 1975.74

10.99

20

0.75

0.25

Forester

20

66,200

30093.02

24 1974.13

15.39

24

0.83

0.17

Overall

180

72,250

56927.76

203 1974.57

15.34

205

0.90

0.10
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Table 2. Chi-squared statistics for impact, goals, and management questions in a survey
administered to hunters, foresters, and wildlife professionals in 2020 on white-tailed deer
(Odocoileus virginianus) management in Vermont.
X2

df

p-value

101.21

8

<0.001

Regrowth

58.64

4

<0.001

Damaging Ag

24.32

4

<0.001

Vehicle Collisions

17.55

4

0.002

No Impact

38.00

4

<0.001

Harvest

1.14

4

0.888

Woods

8.99

4

0.061

Biggest buck, will pass smaller deer

1.55

2

0.457

Heaviest, will pass smaller deer

0.85

2

0.655

Biggest buck, will not pass smaller deer

0.22

2

0.897

Heaviest, will not pass smaller deer

0.75

2

0.689

Doe harvest

8.00

2

0.018

APR

2.19

2

0.334

Question
Impact
Overall Pop

Goals

Management Actions
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Table 3. Model selection results for objective 2 which evaluated factors influencing hunter
satisfaction.
Model

K

AIC

∆ AIC

AIC wt.

Harvest

5

550.3944

0

0.70713

Experience

5

552.2723

1.8779

0.27652

Woods

5

557.9277

7.5333

0.01636

Job

5

580.6758

30.2814

0

Region

5

592.1112

41.7168

0
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Table 4. Parameter estimates for each level of support of “harvest as a goal” for the top model
describing hunter satisfaction (objective 2), and effect of driving factor.
Parameter

Value

Std. Error

1|2 intercept

-0.5093

0.4908

2|3 intercept

1.0335

0.4952

3|4 intercept

2.5332

0.5273

4|5 intercept

4.5314

0.7015

Harvest

0.2482

0.1800
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Table 5. Model selection results for models describing satisfaction associated with proposed white-tailed deer (Odocoileus
virginianus) management actions (objective 3).
Alternative 1: two-day rifle season for does
Model

K

AIC

Alternative 2: permit allocation system for does

∆ AIC

AIC wt.

Experience

3

333.4204

0

Woods

3

341.2305

Harvest

3

Region

Model

K

AIC

∆ AIC

AIC wt.

0.965377 Experience

3

316.5252

0

0.989507

7.8101

0.019443 Harvest

3

326.1678

9.6426

0.007972

341.8028

8.3824

0.014604 Woods

3

328.9707

12.4455

0.001963

3

349.7695

16.3491

0.000272 Satisfaction

3

331.5996

15.0744

0.000527

Satisfaction

3

350.2742

16.8538

0.000211 Region

3

338.5588

22.0336

1.63E-05

Job

3

351.9122

18.4918

9.32E-05 Job

3

338.7243

22.1991

1.5E-05

Alternative 3: quotas for does set by wildlife management
unit
Model
K AIC
∆ AIC
AIC wt.
Experience

3

302.3282

0

Harvest

3

311.1530

Woods

3

Satisfaction

3

Alternative 4: higher antler point restrictions
Model

K

AIC

∆ AIC

AIC wt.

0.987696 Experience

3

295.6280

0

0.649448

8.8248

0.011977 Harvest

3

297.0733

1.4453

0.315283

318.4332

16.1050

0.000314 Woods

3

302.2260

6.5980

0.023978

326.3909

24.0627

5.88E-06 Satisfaction

3

303.8969

8.2689

0.010399
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Job

3

327.2059

24.8777

3.91E-06 Job

3

309.0194

13.3914

0.000803

Region

3

327.5282

25.2000

3.33E-06 Region

3

313.3991

17.7711

8.99E-05

Alternative 5: Antler point restrictions set by
wildlife management unit
Model
K AIC
∆ AIC

AIC wt.

Experience

3

307.7152

0

Harvest

3

310.9019

Woods

3

Satisfaction

Alternative 6: quotas for bucks set by wildlife
management unit
Model
K AIC
∆ AIC

AIC wt.

0.827075 Experience

3

315.9627

0

0.957041

3.1867

0.168098 Harvest

3

322.4792

6.5165

0.036804

318.0971

10.3819

0.004604 Woods

3

326.0607

10.098

0.00614

3

325.0035

17.2883

0.000146 Satisfaction

3

339.5193

23.5566

7.34E-06

Job

3

327.1559

19.4407

4.97E-05 Job

3

340.5537

24.5910

4.38E-06

Region

3

328.3064

20.5912

2.79E-05 Region

3

341.0348

25.0721

3.44E-06
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Table 6. Parameter estimates indicating level of agreement with each management action for the
top models for each proposed white-tailed deer (Odocoileus virginianus) management option,
and effect of driving factor.
Alternative 1: two-day rifle season for does

Alternative 2: permit allocation system for does

Parameter

Value

Std. Error Parameter

Value

Std. Error

1|2 intercept

-2.4073

0.357 1|2 intercept

-1.9752

0.3451

2|3 intercept

0.0556

0.2876 2|3 intercept

-0.4326

0.3000

Experience

-0.0113

0.0088 Experience

-0.0037

0.0092

Alternative 3: quotas for does set by
Alternative 4: higher antler point restrictions
wildlife management unit
Parameter
Value
Std. Error Parameter
Value Std. Error
1|2 intercept

-2.6874

0.3821 1|2 intercept

-1.9468

0.3509

2|3 intercept

0.0869

0.2895 2|3 intercept

1.0007

0.3124

Experience

-0.0146

0.0093 Experience

-0.0006

0.0093

Alternative 5: Antler point restrictions set
Alternative 6: quotas for bucks set by wildlife
by wildlife management unit
management unit
Parameter
Value
Std. Error Parameter
Value Std. Error
1|2 intercept

-2.0024

0.3518 1|2 intercept

-1.7143

0.3485

2|3 intercept

-0.6452

0.3091 2|3 intercept

0.5937

0.3171

Experience

-0.0038

0.0092 Experience

-0.0143

0.0093
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Figure 1. Views on overall number of white-tailed deer (Odocoileus virginianus) in Vermont by
stakeholder group.
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Figure 2. Views on over-browsing limiting regrowth by stakeholder group.
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Figure 3. Views on deer causing agricultural damage by stakeholder group.
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Figure 4. Views on deer causing damage through vehicle collisions by stakeholder group.
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Figure 5. Views of deer having no environmental impacts by stakeholder group.
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Figure 6. Hunter satisfaction by stakeholder group.
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Poor

Fair

Good

Very good

Excellent

0.4

Probability of Response

0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
Disagree

Neutral

Agree

Response to harvesting a deer is the goal

Figure 7. Predicted hunter satisfaction (poor, fair, good, very good, excellent) according to
responses to a survey question that asked for opinions on whether harvesting a deer is the main
goal of the hunting experience. Predictions based on the top model describing satisfaction among
hunters.
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Figure 8. Probability of agreement, disagreement, or neutral view on six alternative management
action proposals for white-tailed deer (Odocoileus virginianus) in Vermont. Probabilities
predicted from top ranking models.
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Appendices
Appendix I: White-tailed deer (Odocoileus virginianus) survey sent to foresters, wildlife
professionals, and hunters in Vermont in 2021..
Section 1 Background Information and Beliefs
Are you a forester for Vermont Department of Forests, Parks, and Recreation?
1. Yes
2. No
Are you a forester for a licensed independent company?
1. Yes
2. No
Are you a wildlife manager/biologist for Vermont Fish and Wildlife?
1. Yes
2. No
Overall, how do you feel about the number of deer in Vermont’s deer population?
1.
2.
3.
4.
5.

There is not nearly enough deer in Vermont
There should be more deer in Vermont
The Vermont deer population is just about right
There are too many deer in Vermont
There are way too many deer in Vermont

Overall, the deer population is impacting the environment by limiting re-growth through over
browsing.
1.
2.
3.
4.
5.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

Overall, the deer population is impacting humans by damaging agricultural produce.
1.
2.
3.
4.
5.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree
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Overall, the deer population is impacting humans through car collisions.
1.
2.
3.
4.
5.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

Overall, the deer population is not impacting the environment.
1.
2.
3.
4.
5.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

Do you hunt white-tailed deer in the state of Vermont?
1. Yes
2. No
o If no, please skip to section 3
Section 2: Effort, Goals and Motivations, and Management Actions
How many years have you deer hunted Vermont?
Answer
During the 2020 hunting season, what region of Vermont did you spend the most time hunting?
Management units for the regions are in parentheses.
Lake Plains (A, B, F1, F2)
Mountains (C, G, I, L, P)
Northeast (D1, D2, E1, E2)
East-Central (H, J1, J2)
W. Foothills (K, N)
E. Foothills (M, O, Q)
For the following questions, please select the choice that best represents your opinion on the
statement.
Harvesting a deer is the goal.
1. Strongly Disagree
2. Disagree
3. Neither Agree nor Disagree
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4. Agree
5. Strongly Agree
Simply being in the woods gives me satisfaction.
1.
2.
3.
4.
5.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

Shoot the biggest antlered buck I can, and I will pass smaller deer.
1.
2.
3.
4.
5.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

Shoot the biggest antlered buck I can, but I will not pass smaller deer
1.
2.
3.
4.
5.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

Shoot the heaviest buck I can, and I will pass smaller deer.
1.
2.
3.
4.
5.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

Shoot the heaviest buck I can, but I will not pass smaller deer.
1.
2.
3.
4.
5.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

Overall, how satisfied are you with deer hunting in Vermont?
1.
2.
3.
4.

Poor
Fair
Good
Very Good
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5. Excellent
6. Perfect
The following questions are based off management options and actions. Please select the choice
that best represents your opinion on the option or action.
Section 3: Support of possible management actions.
Doe harvest damages the deer population overtime by lowering the population and weights.
1.
2.
3.
4.
5.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

Doe harvest increases the weights and population overtime.
1.
2.
3.
4.
5.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

How do you feel about a rifle season for does in Vermont?
Example 1: Allow hunters to use their buck tag on a doe for the first two days of the season.
1.
2.
3.
4.
5.

Strongly Opposed
Opposed
Neither Oppose nor Support
Support
Strongly Support

Example 2: Having a permit allocation system, such as the current antlerless muzzleloader
season.
1.
2.
3.
4.
5.

Strongly Opposed
Opposed
Neither Oppose nor Support
Support
Strongly Support

Example 3: Having quotas set by WMU zone. This would mean that a certain number of does
could be harvested and then the season would be closed.
1. Strongly Opposed
2. Opposed
3. Neither Oppose nor Support
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4. Support
5. Strongly Support
What is your opinion on antler point restrictions? Antler point restrictions meaning that one
antler must have a certain number of points.
1.
2.
3.
4.
5.

Strongly Opposed
Opposed
Neither Oppose nor Support
Support
Strongly Support

Would you like to see higher antler point restrictions?
1.
2.
3.
4.
5.

Strongly Opposed
Opposed
Neither Oppose nor Support
Support
Strongly Support

Antler point restrictions set up by wildlife management units is a good idea.
1.
2.
3.
4.
5.

Strongly Disagree
Disagree
Neither Agree nor Disagree
Agree
Strongly Agree

What do you think about having wildlife management unit quotas for bucks in Vermont?
1.
2.
3.
4.
5.

Strongly Oppose
Oppose
Neither Oppose nor Support
Support
Strongly Support

Please tell us how you feel regarding hunting access on private land in Vermont.
It is hard for me to gain access to private land in Vermont to deer hunt on.
1.
2.
3.
4.
5.

Strongly Oppose
Oppose
Neither Oppose nor Support
Support
Strongly Support

Would you be willing to participate in a private land access program where hunters, primarily
bowhunters, and private landowners are paired to help lower the impact of deer in certain areas
of the state?
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1.
2.
3.
4.
5.

Strongly Oppose
Oppose
Neither Oppose nor Support
Support
Strongly Support

Section 4: Socioeconomic Information
How do you identify?
Male
Female
Other
In what year were you born?
Where is your permanent residence?
State

County

Marital Status:
1. Married
2. Single
Do you have and children?
1. Yes
2. No
Employment status:
1.
2.
3.
4.
5.

Full time
Part time
Seasonal
Unemployed
Other, such as a student

What is your gross yearly income? Estimate to within 1,000 dollars
Income
Education
1.
2.
3.
4.

High School or GED
Associates Degree
Bachelor’s Degree
Master’s degree or higher
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Appendix II. Agreement with the statement ‘doe harvest increases the weights and population
health over time’.
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Appendix III. Agreement with the statement ‘what is your opinion on antler point restrictions’.
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Appendix IV. Agreement with the statement that ‘harvesting a deer is the goal’.
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Appendix V. Agreement with the statement that ‘simply being in the woods gives me
satisfaction’.
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Appendix VI. Agreement with the statement ‘shoot the biggest antlered buck I can, and I will
pass smaller deer’.
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Appendix VII. Agreement with the statement ‘shoot the biggest antlered buck I can, but I will
not pass smaller deer’.

55

Appendix VIII. Agreement with the statement ‘shoot the heaviest buck I can, and I will pass
smaller deer’.
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Appendix IX. Agreement with the statement ‘shoot the heaviest buck I can, but I will not pass
smaller deer’.
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Appendix X. Agreement with the statement ‘allow hunters to use their buck tag on a doe for the
first two days of the season’.
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Appendix XI. Agreement with the statement ‘having a permit allocation system, such as the
current antlerless muzzleloader season’.
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Appendix XII. Agreement with the statement ‘having quotas for does set by WMU zone’.
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Appendix XIII. Agreement with the statement ‘would you like to see higher antler point
restrictions’.
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Appendix XIV. Agreement with the statement ‘antler point restrictions set up by wildlife
management units is a good idea’.
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Appendix XV. Agreement with the statement ‘what do you think about having wildlife
management unit quotas for bucks in Vermont’.
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